Introduction
Despite environmental regulations, wastewaters generated by some industries are in some cases discharged into lakes, rivers or reservoirs after inefficient treatments or without any pretreatment for the elimination or reduction of certain pollutants. Effluents may sometimes contain valuable elements with significant commercial value such as precious metals. Recovery of these metals is important because they could be harmful to aquatic life in lakes and rivers and because of its economic value. There are legal provisions regarding the composition of an effluent: in the case of liquids containing silver, it is a maximum of 5 ppm. It is known, however, that the silver ion could create a complex especially with thiosulfate, which has little effect on health. Even if silver would not affect health and there were no restrictions to its discharge, there is an important reason to recover it: its value and scarcity. Annual global demand for silver is currently of 24,500 metric tons, used in a vast array of industrial and consumer products. For example, silver is widely used in industrial electroplating as a protective coating or as adornment. Silver reflects light very well, so it is used in car headlights and mirrors. A laboratory that uses silver in its production could discharge monthly, a value of 150 to 1,800 dollars in silver.
Worldwide, approximately 57% of the silver present in discarded products is recovered. It has the highest rates of recovery among the most commonly used metals, but much of it is still lost in the various emissions to the environment.
Silver recovery
Various methodologies have been reported for the recovery of this metal ion, with efficiencies that vary depending on the experimental conditions. Among the most common methods for silver recovery are: 1) Metal Replacement; 2) Electrolytic Recovery; 3) Precipitation; 4) Distillation; 5) Ion Exchange and 6) The use of www.intechopen.com new compounds to precipitate silver (soil, silica, clays, etc.) . The main features of the first five are: 1. Metal Replacement. It is one of the most popular and economical methods. It consists of a cartridge containing iron, wool and wooden chips or spirals. A solution circulates with a constant flux through the cartridge. As the silver is removed, iron is depleted, producing sediment. Finally the sediment is refined to recover the silver. One cartridge recovers 90% of silver, two in a series, 95%. Although the cost of implementation is low, the cost of refining is higher than the value of the recovered silver. 2. Electrolytic recovery. This technology was introduced in the year 1930. It uses a cell with two electrodes immersed in a solution, to which a constant current is applied. The silver is reduced to pure metal on the cathode (usually stainless steel). There are two basic types of this technic: one where the cathode rotates in a solution and another where the solution flows around the cathode. The recovery is around 96% (20 to 60 grams/ hour of high purity) and it is easy to operate. 3. Precipitation. It was the first practical method for silver recovery. It has been used for over 50 years, so it is highly developed. It also precipitates copper, cadmium, mercury, lead, nickel and tin, amongst other metals. It uses a precipitant together with a flocculating agent to increase the size of the particles. Silver is recovered by filtration and then refined, with a yield of 99%. However, the equipment and the precipitant are expensive. 4. Distillation. It is normally used together with the external management of effluents. It reduces the amount of liquid to be transported:80 to 100% of water could be removed, leaving thick or solid silver. With this method 99% of silver could be recovered. The cost is high and it is recommended almost exclusively for industrial laboratories. 5. Ion Exchange. This technology can be used in solutions that have low percentages of silver, like stabilizers or wash water. In this process the metallic silver is obtained through a reversible process in which ions are exchanged between a solid (resin) and water with ionized salts. With a single column more than 90% of the silver could be recovered. With two columns in a series, about 99% could be recovered. None of these methods gives any importance to the size or shape of the recovered metallic silver particles. Their main interest is on the efficiency of the recovery process. The recovery of the silver in specific shapes and sizes (nano and submicrometric), is an added value of the recovery processes.
Nanoparticles
Although nanomaterials have always existed in nature, our understanding of their properties and how they influence their environment has been limited. Many of these materials are currently under study and their applications have been developed over the last two decades. Their manufacturing has gained importance because of their unusual properties compared to bulk materials. Examples include aluminium nanoparticles of 20 to 30 nm which can spontaneously combust while bulk aluminium is stable (Gromov & Vereshchagin, 2004) and calcium carbonate that forms either a fragile chalk or tough abalone shells, depending on the structural arrangement of the molecules (Tong-Xiang et al., 2009 ). The applications of this relatively new technology are large and include: conductive plastics (Aravind et al., 2003) , anticorrosive coatings (Gangopadhyay & De, 2000) , fuel cells and batteries (González-Rodriguez, 2007 ; Ponce de León, 2006) , solar energy generation (Granqvist, 2007; Bavykin & Walsh, 2010) , electricity carriers (Conte et al., 2004) , fire resistant materials (Hamdani et al., 2010) , computing and data storage (Jimenez & Jana, 2007) , sensors (Yun et al., 2008; Rivas et al. 2009 ), water treatment (Thavasi et al., 2008) , catalysis (Cheng et al., 2010) and early identification of cancer cells (Nanomedicine, 2007) . Although many of these applications still remain untested, the investment over the last few years has been large: the USA allocated more than a billion dollars in 2005 (Pedreño A., 2005) , and more recently Japan and the European Union invested 770 and 1400 million euros, respectively in scientific programs involving nanomaterials (EU Official Website, 2010) . Among the metallic nanomaterials, silver has been intensively studied because of its wide applications including catalysis, electronics, photonics, and photography (Maillard et al., 2010) . Furthermore, low-dimensional silver materials may be utilized as interconnectors or as active components in the manufacture of micro/ nanodevices (Sun et al., 2002) .
Synthesis of silver nanomaterials
Many reports have focused on the synthesis of shape controlled Ag nanostructures, including quasi-spheres, decahedrons, cubes, prisms, rods, wires, tubes, branches, sheets or plates, and belts (Yin et al., 2001; Du et al., 2007; Cobley et al., 2009 ). Generally, sizecontrolled Ag particles can be realized adjusting the reaction parameters. Evanoff and Chumanov synthesized Ag particles with diameters between 15 and 200 nm, through variations in the reaction time (Evanoff & Chumanov, 2004) . By varying the concentration of sodium borohydride (NaBH 4 ) employed in the reaction, Metraux and Mirkin have provided a straight forward and rapid route to Ag nanoprisms withover prism thickness control (Metraux & Mirkin, 2005) . By adjusting intensity and spectral properties of the irradiating light, Pietrobon and Kitaev synthesized decahedral Ag nanoparticles with controllable regrowth to larger sizes (Pietrobon & Kitaev, 2008) . Also, Yin's laboratory has recently demonstrated that the aspect ratio and optical properties of Ag nanoplates can be tuned with precision, over a wide range through a UV-light-induced reconstruction process (Zhang et al., 2009) . However, in these examples of qualitative size control, the results can only be roughly speculated before the experiment (e.g., size-decrease or increase, but with no precise measurement). Quantitative size-control, where the product is size-designed by adjusting the reaction conditions to produce the desired particle sizes predictably and accurately, has not yet been established. Actually, it is well-known that the chemical synthesis of metal nanocrystals is influenced by several thermodynamic and kinetic factors, and much difficulty remains in capturing the distinct stages of nucleation and growth of nanocrystals (Burda et al., 2005) . Also, it is very hard to establish a quantitative function to describe the relationship between the synthesis conditions and the size of the product. Therefore, carrying out qualitative and especially quantitative synthesis of size-controlled Ag particles is still a great challenge. The synthesis of silver nanoparticles has been studied searching for an easy control over kinetics. The preparation of the conditions for each of the methods mentioned above, play an important role on the composition, structure and size of nanoparticles, and have a direct impact on their properties. The development of a methodology to provide adequate control of particle size in a simple way is an important contribution to the synthesis. This paper presents a novel approach to recovering silver from aqueous solutions in its most valuable form: the metallic and the formation of particles with different size depending on the experimental conditions. This includes the reduction of silver ions with a reducing agent such as ascorbic acid in a microfiltration system. During reduction of the silver ions, the membrane is used as a support for the metallic silver formed. The size and shape of the nanoparticles depends on different parameters such as, silver, nitric and ascorbic acids concentrations and the stirring rate of the solutions. Considering the extensive applications of nano and submicrometer Ag particles as catalysts, conductive adhesives, display devices, passive components, inkjet printing, photon emission, and higher order multiples resonances substrates (Dai et al., 2011; Hu et al., 2010; Xu et al. 2008; Sung et al., 2010; Gloskowskii et al., 2008) , this methodology could be used in a wide range of industrial applications.
Experimental

Methodology for the transference of Ag (I)
All products used had analytical grade and were used as received. The device used for this work is shown in Figure 1 and comprises a two-compartment cell, divided by a microfiltration membrane. Fig. 1 . Cell used for the recovering of silver, the membrane is located in between the two compartments The feed phase was composed by different concentrations of AgNO 3 (from 25 to 100 mg L -1 ) at various HNO 3 concentrations (from 0.1 to 1 mol L -1 ). The stripping phase was composed by a solution of ascorbic acid and its concentrations were changed from 0.2 to 1.5 mol L -1 . The feed and stripping solutions were added to compartments 1 and 2, respectively. The cell was then covered and the system was stirred. Aliquots were taken from both sides at several different times and, finally; Ag (I) content was analyzed by atomic flame absorption using a Perkin-Elmer Analyst 200 flame atomic absorption spectrometer. The pH of both the feed and stripping solutions was measured with the help of a combined glass electrode using a Methrom potentiometer (Titrino 716). The ascorbic acid's quantitative determination in both compartments was performed by Iodometry using a standard solution of iodine and starch as an indicator of endpoint. The microporous membrane used, was a polyvinylidene difluoride (PVDF) hydrophilic membrane with 75% porosity, 125 µm thickness and average pore size of 0.22 µm (Millipore). During reduction of the silver ions, the membrane is used as a support for the metallic silver formations.
After every experiment, the membrane was removed from the system and the water was eliminated by evaporation. Subsequently, the membrane was weighed to determine the variation with respect to its initial weight. The characterization of the metallic silver particles was carried out with a SEM (Scanning Electronic Microscope) Hitachi S-3000N coupled to an EDAX InCAx-sight analyzer. Contact angle of the microporous membrane with ascorbic acid solutions and Ag (I) in HNO 3 solutions was measured using the CAM 200 from KSV Instruments Ltd. This unit has a measuring range of 0° to 180°, with an uncertainty of ± 0.1°.
Results and discussion
Silver nanoparticles formation on the microfiltration membranes
The recovery of Ag (I) was carried out using Ag + 100 mg L -1 and HNO 3 0.25 mol L -1 as the feed solution, and a solution of ascorbic acid (HA) 1 mol L -1 as the stripping solution. The contact time of the membrane with the feed and stripping solutions was 30 minutes, with a stirring speed of 600 rpm at both compartments. After 30 minutes, the membrane was removed from the cell. The side of the membrane in contact with the feed solution showed a deposit, while any deposits were observed on the face in contact with the stripping solution. Figure 2a shows a part of the microfiltration membrane that was in contact with the feed solution. Figure 2b corresponds to an image obtained with the optical microscope. This deposit may have been caused by the formation of metallic silver by the reduction of Ag (I) with ascorbic acid. The deposit seems uniform both to the naked eye and through the optical microscope. In addition, the formation of silver on the membrane is consistent with the decrease concentration of Ag + ions in the feed solution (see Figure 3) . No concentration of Ag + was detected in the stripping solution. Comparing the weight of the membrane before (m1 = 0.1447 g) and after the experiment (m2=0.1739 g), we found that the difference in weigh was 29.2 mg. While the initial concentration of Ag+ ions in the feed solution was 122 mg L -1 and the volume of both solutions was 250 mL, for each trial, the amount of metallic silver that could be deposited on the membrane is of 30.5 mg. This value is very close to the mass in excess of the membrane and it corresponds to the metallic silver deposited on the membrane. The yield of silver recovery in these conditions is around 96%. To confirm the presence of metallic silver on the membrane, an EDAX analysis was performed. Figure 4 shows the spectrum which indicates the peaks that correspond to metallic silver. A deeper more detailed analysis on the morphology of the deposits was carried out using Scanning Electron Microscopy (SEM). The micrographs of different membranes are shown in Figure 5 . The silver particles formed, are distributed over the membrane and in its pores. The shape acquired by the metallic silver depends on the synthesis conditions. We observe a non-homogeneous 3D growth, with a hexagonal shape resemblance and a broad size distribution. A similar result was recently reported by Masaharu et al., 2010.
(a) (b) It is also evident, that the stirring speed has an impact on the size and location of the particles (on the surface or in the pores of the membrane). Figure 6 shows the micrographs of silver particles deposited on the microfiltration membrane at different stirring speeds. As in the previous conditions, the silver particles are distributed over the membrane. For a stirring speed of 350 rpm at both phases, the silver particles shape is well defined, showing a hexagonal 3D growth (figure 6a and 6b). For a higher stirring speed (Figure 6c and 6d), the shape of the silver particles is less homogeneous. As we will show later in this paper, the crystalline shapes of the silver particles are highly dependent on the nucleation speed and are based on hydrodynamic and chemical aspects. The hexagonal crystal plate shape has been reported earlier in the literature (Jixiang et al., 2007; Masaharu et al. 2010) . Figure 7 shows the micrographs of silver particles deposited on the microfiltration membranes when a low stirring speed (350 rpm) or no agitation is applied to the stripping solution and different stirring speeds applied to the feed solution. From this, it is clear that every stirring speed causes significant changes in the shape and size distribution of the silver particles. To the feed solution a stirring speed of 1000, 600 and 300 rpm, is applied respectively solution), the particles maintain a certain homogeneity. A decahedron shape is observed in figure 7a . On the other hand, when the stripping solution was not stirred and the stirring speed on the feed solution was reduced (1000, 600, 300 rpm) the shape of the silver crystals gets very different. In the case of a stirring speed of 1000 rpm, the metallic silver takes crystal morphology in the shapes of cubes and rods. If the stirring speed is decreased to 600 rpm, the silver particles appear as rounded shapes but with traces of nucleation that form a cubic shape ( figure 7b, 7c) . At 300 rpm on the feed solution, the silver particles take decahedron shapes with an average particle size greater than in other cases. Also in this case, the large silver particles are occluded in the pores of the microfiltration membrane. It is important to observe that the proposed methodology is very suitable for obtaining metallic silver particles of different shapes and sizes. In fact, in the literature, in order to obtain different shape and size silver nanoparticles, more controlled and drastic conditions are required than those proposed here. Finally, in the absence of stirring at both phases, the silver particles obtained on the membrane surface, clearly show the formation of hexagonal plates (Figure 8 ). These hexagonal plates come from the formation of dendrites on the surface, which is the first stage in the process of crystallization of silver on the microfiltration membrane. We can conclude that hydrodynamics play an important role in the morphology and size of silver particles.
In the next section we will discuss the chemical aspects that affect the process of reducing Ag + ions by ascorbic acid. Additionally, we will analyze the conditions for efficient recovery of silver so we will have a better understanding of the mechanism under which the process is under mass transfer of Ag + ions.
Effect of Ag (I)'s concentration on the recovery efficiency
In order to evaluate the influence of Ag(I)'s concentration on the efficiency recovery of the proposed separation system, two tests with different concentrations of Ag(I) (25 and 100 mg L -1 ), were performed. For the first test we used a 0.25 mol L -1 of HNO 3 as the feed solution www.intechopen.com and 1 mol L -1 of ascorbic acid as the stripping solution. Figure 9 shows the variation of C t / C o with the Ag (I) in the feed solution as a function of time (being C o the initial concentration of Ag (I) and C t the concentration at time t). Silver C t / C o values decrease as function of time, in the feed solution in both tests. Silver recovery efficiency is near 95%. For initial silver's concentration of 25 and 100 mg L -1 , the recovery efficiency is 99%. Silver's concentrations decrease faster when the initial concentration is 100 mg L -1 . The concentration of Ag (I) in the stripping solution was practically negligible after 120 minutes of contact (no more than 0.2 mg L -1 ). Therefore, we can consider that the transfer of Ag (I) from the feed solution to the stripping solution is negligible. In both cases the membrane has a silver deposit on the surface in contact with the feed solution, so that the absence of silver ions in the feed solution is due to its reduction induced by the ascorbic acid. When a 25 mg L -1 concentration of silver is used in the feed solution, the quantity of silver particles on the surface of the membrane, are scarce and show a less uniform distribution (data not shown). Nevertheless, the silver particles morphology is quiet similar to the observed previously, namely in decahedra shapes.
Effect of the H + ions' and the ascorbic acid's concentrations
The effect of H + 's concentration in the reduction of silver by ascorbic acid and its deposition on the microfiltration membrane, was performed by varying the HNO 3 concentration between 0 (pH 5) to 1 mol L -1 into the feed phase, while the ascorbic acid concentration was 1 mol L -1 into the stripping phase. The stirring speed was kept constant, in both compartments, at 600 rpm. In all cases the experimental time was 120 minutes. The recovery efficiency was evaluated by analyzing the amount of Ag (I) in the feed and in stripping solutions as a function of time. Figure 10 shows the micrographs obtained in each condition. Figure 10a shows a dendritic shape of the silver particles when no HNO 3 is added to the solution. When HNO 3 is added to the feed solution, the particles have a decahedral structure (figures 9b, 9c, 9d); like those obtained earlier. Another important observation is that when the nitric acid's concentration increases, the number and size of silver particles on the membrane decreases. The shape in all cases does not change very much. In the absence of HNO 3 acid, the feed solution becomes cloudy after 5 minutes, suggesting that the Ag (I) reduction process takes place not only in the feed solution membrane interface but also in the bulk of the feed solution. By increasing the H + 's concentration in the feed solution, the solution does not become cloudy and the silver is reduced on the membrane. The size distribution and dispersion of these particles is higher at 0.5 mol L -1 (Figure 9c ) than at 0.1 mol L -1 (Figure 9b ) of nitric acid. When the concentration of H + is increased to 1 mol L -1 (Figure 9d) , there are few particles left on the membrane, indicating that a decrease in pH acts negatively on the Ag(I) reduction process, decreasing the reduction rate and generating fewer and smaller particles on the membrane. www.intechopen.com Figure 11 shows the morphology of the silver nanoparticles at different HNO 3 's concentration in the feed solution when the ascorbic acid concentration is reduced from 1 mol L -1 to 0.5 mol L -1 in the stripping solution. The silver deposits obtained, show a similar morphology that in Figure 10 . The only difference is the amount of reduced silver; in this case the amount is less. In the absence of HNO 3, the morphology of the particles is dendritic (Figure  11a ), but in the presence of HNO 3 acid a decahedra structure was obtained (Figure 11b, 11c  and 11d ). A more uniform particle size and better distribution occurs at low concentrations of acid in the feed compartment. From this study it was found that a greater amount of ascorbic acid increases the reduction of Ag (I) on the membrane. The increase of H +´s concentration results in a reduced amount of silver but on a more uniform shape and size. With a higher pH (without a HNO 3 addition) at the feed phase, we reach the highest Ag reduction rate, as shown in figure 12A . Due to the low Ag + concentration found at the stripping phase after the test, the Ag + mass transfer through the microfiltration membrane cannot be considered during the reduction process, indicating that the redox process takes place inside of the microfiltration membrane. Final Ag + concentrations in the feed solutions are close to 2% of the initial value, indicating a high yield process. When the pH in the feed phase is 5, the [Ag + ] in the feed solution diminishes to less than 1%, and a precipitate becomes apparent in the feed solution. This one can be associated to the saturation of Ag precipitate in the membrane and due to the stirring process the Ag particles come to the feed solution. However, when pH is reduced in the feed solution, the Ag precipitated in the feed solution does not appear anymore and all the Ag particles are retained in the membrane. When the HNO 3 concentrations are higher than 0.5 mol L -1, the reduction rates are slow and the curves trends of [Ag + ] remain constant during the first 30 minutes of the experiment. To explain the results obtained it is necessary to analyse the various phenomena that take place at the membrane. There are two important aspects: 1) Ag + and HA mass transfer process, and 2) the redox process of both compounds connected with the formation of silver particles. In analysing the mass transfer process of Ag + a nd HA, it is necessa r y t o consider t he different zones existing in the system. Close to the membrane, a non-stirring zone exists. In non-stirring areas Ag + and HA movements are controlled by a diffusion process because the convection process is negligible. Figure 13 shows the several areas formed due to the stirring process. Zones named a) and e) correspond to non-stirring areas (diffusion region) in feed and stripping phases. Zones named b) and d) represent the interphases feed-membrane phase and stripping-membrane phase respectively, and c) is the membrane phase. The thickness of the diffusion regions are represented by d a and d e , corresponding to the thickness of feed and stripping diffusion areas respectively and d o is the membrane thickness. Fig. 13 . Scheme of the mass transfer of Ag (I) and ascorbic acid (HA)
In order to correctly define the mass transfer process, it is necessary to determine the areas where the redox process could take place. The experimental results show that the redox process takes place mainly at the feed-membrane interface and Ag particles are formed on the feed side of the membrane. Based on this result, the Ag + and HA mass transfers were studied in the absence of one of the two compounds, alternately Ag + mass transfer studies were performed by replacing HA by different concentrations of HNO 3 at the stripping phase (pH from 0 to 5), and a feed solution of Ag (I) 100 mg L -1 and HNO 3 0.5 mol L -1 . The Ag + concentration in the stripping phase after all the experiments, shows values around 10%, indicating that Ag + diffusion through the stripping phase is very low in all tests performed. A pH decrease in the stripping phase is also detected and this effect is more pronounced when the initial pH in the stripping phase is higher. Figure 14 shows Ag + concentrations in both phases. Analyzing the value of H + 's concentration in the feed and in the stripping solutions, we found that there is a proton transfer from the feed solution to the stripping solution due to a concentration gradient. The silver ions diffused to the stripping compartment are related with the H + transfer. The diffusion of Ag + increases with the increasing of the H + 's concentration in the feed solution. This effect can be observed in Figure 15 . The transference of ascorbic acid trough the membrane has been studied using a feed solution containing HNO 3 at different concentrations (0.1, 0.25 y 0.5 mol L -1 ) and a HA's concentration of 1 mol L -1 in the stripping solution. The results show that the concentration of ascorbic acid in the feed phase after 120 minutes is minimal for each of the conditions studied. Figure 16 shows the results of the transfer of HA through the microfiltration membrane when HNO 3 in the feed solution was 0.5 mol L -1 . Fig. 16 . Variation of the ascorbic acid's concentrations in the stripping ( ) and feed ( ) phases as a function of time In summary both Ag + and HA have a minimum transfer through the microfiltration membrane. This behavior can be explained considering that the membrane is made of a polyvinylidene fluoride polymer whose surface has been modified to increase the hydrophilicity. This modification produces electrical charges on the membrane surface. These charges could be positive or negative depending on the nature of aqueous solutions that are in contact with the membrane. Thus, there may be a rejection of the membrane to the charged species present in the interface membrane/ feed or membrane/ stripping solution. Although no transfer occurs of any of both species through the membrane, we have shown that the oxireduction reaction takes place in the interface (feed solution/ membrane) generating silver nanoparticles on the membrane. In order to determine the degree of rejection of the microfiltration membrane to Ag + and ascorbic acid, contact angle measurements were performed. Table 2 ), we found that in the case of solutions AgNO 3 / HNO 3 the value of the contact angle after 6 seconds, remained around 114º. In the case of ascorbic acid, the value of the contact angle ranged from 50.48º to 58.47º, which is a considerable variation. The decrease in the contact angle value indicates that the membrane gets impregnated by the ascorbic acid. Thus, the HA is transported into the membrane to reach the interfacial membrane area, where the oxireduction reaction is carried out. The value of K (slope) obtained for the system in absence of HNO 3 is 0.1779 cm s -1 ,with a R 2 value of 0.94. For a HNO 3 concentration of 0.1 mol L -1 , in the feed solution, the value of K (0.1175 cm s -1 ) is very close to the former. In these two cases the K values are high for a system with a diffusion control. It is important to note that under these conditions, the formation of silver nanoparticles not only occurs in the feed phase-membrane interface but also in the bulk of the feed solution, then the process is controlled by the redox reaction. On the other hand, when the concentration of HNO 3 is 0.5 mol L -1 , the value of the overall mass transfer coefficient is 0.0483 cm s -1 . When the HNO 3 's concentration is 1 mol L -1 , there are two well-defined zones, one with a value for K of 0.0033 cm s -1 and another with an overall mass transfer coefficient of 0.0135 cm s-1 . It is clear that an increase of the HNO 3 's concentration, has a negative effect on the speed of the oxireduction reaction between Ag + ions and HA. Moreover, to understand better the results shown in Figure 17 , it is necessary to consider the rate of impregnation of the membrane by HA. In the absence of HNO 3 , the rate of impregnation of the membrane by the HA, appears to be faster than in the acidic media. This is why the K value diminishes with the increase of HNO 3 's concentration and at 1 mol L -1 of HNO 3, the variation of [Ag + ] remains almost constant during the first 30 minutes of contact between the phases and the membrane (Figure 12a and 12b) . It is possible to correlate the values of the global mass transfer coefficient with the morphology of silver particles deposited in the microfiltration membrane under each of the studied conditions. When the ascorbic acid rapidly permeates the microfiltration membrane (low concentration of HNO 3 in the feed solution) the value of K is high (0.1779 cm s -1 ). The silver particles obtained in this case, have a dendritic shape ( figure 10a and 11a) . If the value of K decreases, the silver crystals grow as decahedra (Figures 10b and 11b) . Finally, the no agitation of the feed and stripping phases make transference process very slow, and under these conditions the crystallization time is sufficient for the formation of metallic silver hexagonal plates (figure 8). These observations agree with those reported in the literature regarding the process of crystallization of metallic silver, which in a first stage involves the formation of dendrites trees that slowly form decahedra shaped particles leading to the formation of hexagonal plates (Jixiang et al. 2007 ). The methodology proposed is suitable for obtaining silver nanoparticles and submicroparticles on microfiltration membranes with different shapes and sizes. The control of mass transference can be carried out by changes in the stirring solutions, the pH, and the concentrations of Ag + and ascorbic acid. The conditions used in this methodology are not drastic being an advantage over other methods reported.
Conclusions
We have developed a methodology for the recovery of silver (I) from aqueous solutions on a microfiltration membrane using ascorbic acid as a reducing agent. Under certain conditions, it is possible to recover about 99% of the silver contained in the aqueous solutions. The silver particles are deposited in nanometric and submicron sizes. The shape of these particles depends on the hydrodynamic and chemical conditions of the system. Silver particles can be obtained as dendrites, decahedra and hexagonal plates. We have analyzed the mass transfer process of the species involved in the system in order to explain the observed phenomena and to correlate the morphology of the particles obtained, with the mass transfer process. We can conclude that the reaction between silver and ascorbic acid occurs at the interface membrane-feed solution. The permeation rate of ascorbic acid into the membrane is linked to the Ag + mass transfer process. Finally, the global coefficient of mass transfer is related to the morphology of the particles obtained. At high K values, silver dendrites nanoparticles are obtained; whereas if the value of K decreases the deposit of silver particles corresponds to a slow crystallization process. The methodology proposed allows the efficient recovery of Ag (I) ions and allows the obtaining of microfiltration membranes modified by Ag particles, which can be used as filters for the removal of microorganisms contained in water.
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